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HC83pMBnaTofi paapyraaioineit cuoch (HPC). Ee 3aKa*nsBajo*r b Konorar/ m co3fl,aKrr uocr b mrrcpBajie 
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Description [Oracane ■soopereirci]: 

M3 ° 6pCTCHMC 0TH0CHTOI K P<a«eTBO.iDQnHaH0BHbO£ pa6oraM (PHP), a ammo k caooo6aM dooctorobtichmh 
i^MemwBocTB oaxonoHHoro npocTpaHCTea. 



M3BCCITH COOC06 BOOCTaHOBnCHHfl 



rf ■ — - — — — • — -«*' 

K3©b*Tt>tmoro AaanceaH Bayrpa oocaflnofl kqjiqhhu no 



rcpMmwHocTB aaxonoHBOPo npocrpaHCTBa nyrci* (xx^aimH 



1 ' — — ~ ".» w .L mw a 3aKonoHHOVfy npocrpaacTBy 

iHarorraHHc m«BocTH ana BspusaHHcw 3ap^a). npowcxoAHT HaflyBamic o6caflHoft eojiohhw h 
ranEw^amm 3a3opa wex^y kojiohhob h i^ueHmoi xauneu p|. 

H^ocrarai aaanora samno^rca b tow, <rro, Bb-iiepaux, co^anae aaourotiaoro AUOTeaaa nyreu 
HararramiH g WC0CTg BU3bIBacT PaapymcHHc kgjiohhm hc tojimo b mrrepBane, b ao-ropon b koju^cbom 
npo^aacTW Bueerca ApweaT, ho h b rarepBanax. r«c qpiwra atrr. 3to onacao «tih hcjioctbocth 
oOcaflBoft zonoHHbf . Bo-frropux, iQpuBaaae aap^a npoqeoc wawmcwipojinpyeiojH, <rro uoxer hphbscth k 
HapymeHmo kojiohhw b BoueHTHoro Kaxmn. ^ 



!!^ Q !! C 1 < ?^ HM * "^fr*™™ no Tocaracxctf cympocrn hb/ihctch cnocrf ycrpaecKaH 3axojioHHbix 
^ ^ . _ — , Awatcxpa kojicxhhw 3* npcAem* ynpynnc AefepManaft b Harqwane bsojibbbb 
' "P 0838 ^ nyrew i^paampiecxoro B03AeacTBaa aa aa/ioaey ha 




3aaa»>aaeTca b otutbinoa TpynpoaxocTa pa6ox 3a carr hto6x3d«mmocxh 

L« K y A uOaHHH, KOTOpOC, K&K UpaBBTIO, Be OTWHHaCTOJ BMCOKOH KaflCJKHOCTlJD. 

3afla^a suwio^t™ b noBwrncmra s^thbhocto pe**oHTHO-H30Jun3HOHHbtx paoVr h b cHweeiiH 
Tpy«o3aTpaT. 

nocraancHHan sanava Ao cTarer ca tcu. vto b cnoco<5e BoceraaoBnonw n^Mrmaocra saxonoHBoro 
Dp ocTpaacT Pa nyrcw yucuHHcmiM flHaucrpa KQjioHHbi b mrrcpBa/ic voojunstm flHaMcrp kotiobhw 
y^™a»r 3a caer y«ra™Ba»ineftc* b o6«^ npH TBepAeaaa iieaapwBaaToa paspymawaea cweca 
(HFC? PL KOTopyjo 3aKauHBaxrr b KOJioaay a co^juot moot b inrrepBajie hdqtbudim. I7pH 3Tou b KauecTBc 
MFC HmonbaycT cwcci, B3BeicTKOByx> ahh ropnwx h 6ypoBwx pa6oT (CHTB). 

VcncimiocTb ^oB^o-roonni^oBB^ pa6or no HcnpaancHHio aerepuer«MB0CTB ucmchthoto aoabua hc 
npcBfepnagr 50% * B ™ o6*«»HeTCH reu, <nt> npaueaaeubu B30JimDioHHue ua«repnara>i (b ochobbou 
npMCBTHbiH pacTBop m pacxBopw cuoji) oojia^aioT oonniM Hr^ocrraTKOM - ycafloxraocrbio. 

B npopjcoce sKcnnyaranjoi e n na m m N PcpMcriNHocrrt> saxojioHBoro npocTpaacrBa caraacTCB. 3to 
npoaa ^ «W B03HCBCTBBCM HarpysoK Ha o6caflHy» KonoHBy a d^mcbtowh sa&ieHb. HanpHMcp 
ycnffloBWBo, to> npn csrxchbb a«bhcbbr b OBaaoe npouBocrb cnjenneBOii qeucBisoro aauBH c 
KonoHHDil yucBimaerca. Doe bb^u m^opanBH tbic npBBansrr k yxyB^nemao ooctobhbb qanmoro 
KQJibPA Bto xe BpaiB. saMram, trro Bcnocpc^fCTBCBHo o HHTcpBajiax nep^opanHB cu^nneBiic /kg&t&kt/ 
Oo«BTHoro Kara c KQBOHBOR yjiy^iacTca. nocncnHBM ♦aar ooWbhiot yBerawcHBeu crnibr npusarnH 
aonoBHbi k n^cary b pcayjiwraxe ee ^pxiaafat. Uocne onpeccoBBa ooca^aoft kqtiohbw xaKae, kbk 
npaBano. BaojnoAaeTca HapymcaHc ee noaraKxa c qrueffrou. npa crrou HaafJojibmae aapymeHHa aoaraKxa 
orwe^eabi b HBTepBanax xmacroB c bmcorob iipoaaaaeMocrbK) a KaBepaaw. B nnacrax c DOflBemeaHoa 
BOfloa HapymcHaa soBTaaTa nocjie onpcccoBKH lan^c acero OTMenaioTca b sohc boaokc^thboto KoaraKTa 
/BHK/J1J. 

^^pac-icTaiiB nponycxHyx) cnocooaocrb p^ia noAoniBeaaoH BO^hi Kom^Boro Maapoaasopa ucxpy 
occaflaoa KonoBBoa a Djca«TBUM komhcm. ^opacyjiy flapca-Beacoaxa uomso saziacaTb cjie^yKfnjfai o6pa3oM 



Q = < D -d*> / — ; <l> 

T JL, 087*10"" «H 



rwe - D-BByrpeBBBB flHawerp qeueaTBoro Kom^a, u; 



ffHaxcrp oficaffBOB kojiohhw. w; p-n^pennaA Aaaneaaa, na; x -KOd^mnieHT iTWpaaiatfecKBX 
conpoTBBneBBB; H-AJmaa waaposasopa. m; Q-pacxoA boak, u?/cyT BD^ew o6o3aaqeaaa 5 ; P/H - 

grad P. nje 8 - 3a3op Me«Ay Konoaaoft h ucMeHTHboa xaMHeu, m; grad P -rpaAHeHT AaBJieaHH, na/M. 

To^a ♦opuyna /!/ C^er auen, bba: / fg • Ana onpefleneaaa 

q = «6<d^6> / . tz> 

aoatoanaeHTa raApaanaqecaax conpoTaBJieaaa hco6xoahmo Bbwacnarb apaTepaa PeaaojibAca 
-»>.^.««^" a .^ rRc v - KBHeMaTKnecKaa BasKocxb boam / npa 70°C. v - 0.5* 10' 6 v^/c) 
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conpoTHBncsHH 



ODpC^CJUDOT DO 



*° PMy71C: 2 V" " M ' ^W™ 01 mcnoBWMB 3naTOHHua: v - 0.5 • 10* V/c; d - 0.168 m; 5 - 0,1 iai 
- 10' 4 u; grad P « 4» 10 6 Ila/M. 



CacxcMa ypaxsKmri /2-4/ panaercn ucto«om no«6opa- 

Taraw o6pa30M. Hepo 3a3op 0,1 u npn rpa^HCHTc flaancHiM 4 MTIa/M k HHTepBany nepfcpanBH mokct 
nocrynaTb osono 22 u 3 Bonbf b cyrxH. 



e Aaanamyi b oocanHoa kohohhc npHBO^HT k yBejnncHHK) ee nHaMcrpa. PacncTbi i 
cKoraxo hjtko noefaicxTb ^aancHHe b Konorae, «rro6bc ec bhcqibbA pa^ayc yeejisraKncff aa 0.1 mm nra 
ncpacpuTHH MHKproasopa. 



Qopuyna. ppa paflHanbSbix mpeuanptnA HapyxBofi ctchkh Tpytiu no 3a^a^ JIhmc bmcct ymsr /5/ 



r r Z -T r* » -f » ' Ka9t >4 H ^HCHT IlyaccoBa, M » 0,25; E -Momym, 

• • » ♦ * " z • • 



-r * r »r <b> 

r 2 -r A Z m 1 * V r ± 



ynpyroOT flw ctwih, E - 2.1.K> 5 MTIa; P, -BHyrpcHHce BaaneHne, MTIa; P 2 
Mlla; Tl -BHjnpeBHHfl paflayc TpyfSu. m; r, - hhhhhhB paflsyc TpytSu, u. r.,-d/r. 



nycrb Pj - Pj+P^ ana Pi-Pa-P^. 

TO 1 * Pb^ • BOdbTIXWHOC ^aBJXCHHC B KOJIOHHC DO CpaBHeBBX) C BapyTEBbIM 

Tdr^a (fropwyrca /&/ 6 m cr awra^CTb z _ oraom 

6 = i 7r^r*»>* i *z <7> 

m <«\-r*> (H)(r 2 . P z , npH5 - 10" V P 2 « 20 IVOIa; r t - 0.075 m: r 2 - 0.084 u. 



,B 1 



■F (81 



^ n n-,« 2 x = 33.7 NOla. 



z 

Z ♦0,075 »o,oa4 

Z 2 
* « » ♦•CWI» ft* 4 ft \ 

♦ *Z0 

£*O,07G 

Parcero noxa3UBaJcn\ *rro ccto uciifly ooca^Boft kojiobbor: h ucmcbtrum sonbODM cymccxByrr saaop 

BOTMBBOft 0,1 MM. TO flOCTOTOHHQ B KOJIOHHC 003flaTt> ^aEJICHHC 33.7 Mil a H 3030p GyneX HCpCEpblT 3a CHCT 

yBenjraeBBR Bfieomero naaMeTpa kobobbm. Taaoe Aae/ieane b ^ajzc oonunee mojkho ooowan* nyreM 
pa3Mcn^eHHH b kqhobbc Mocra ro BCBspbCBdaxofl paspymajomrfl cmccm /UPC/ h b ^sicthocth cs^foca 
H3BecTKOBofl «7ih nopHWx m 6oposMx pafioT /CMTB/ (6J. 

HPC npaMtaHiox, maaBbiM oGpaaoM npn paopymcam npowx xpynxax Marepna/ioa (csan^Hbce nopo^bi). 
DeroHBbix h xeneaooeroaaboc usRjaaA, Kaucnnux Kna^oK. ^nn ^oobtmi npapo^Boro kbmhh. 

HPC «ramp Bcero npc^cTaamnoT coooft nopa&]Koo6pa3Hface BOXjpmBx h HCBSpbDaoonacBbic MaxcpHanbi, 
Aanmae c BOAoa iqenonayn peaszooo (pH-12). npn rMnrnrTOHHW nopooma HPC c boaob oopasycTCH 
cycneHoaa (paficytaH cmco,), Koropan. oyHyim oa/nrr** b mnyp. c^cjiauHbia b otTbCKre. owicasampM 
pa^ynraao. c tc^hhcm bpcmcbh cxBsmiBaerTx^ TBepn<xrr, oppoBpeucBBD ysenKtmBancb b o&bCMe. 
YBCJimonK o6bCMa - cncHCTBHe rs^npaTaiBm komoohchtoo, hxo^hidix b cocras HPC, npHBcgpar k 
pa3BHTH» b mnypc i^ApaxanBOHHoro naBneasm (6on« 40 Mna). I"Io« acActbhcm rawpaTaj^BOHHoro 
AaancBBR b Tenc ooi>cKTa pasBBBaayrca HanpazteHZH, npBBOwmxjst s cro pa apy ine a ap {71 

npc^yiaraeMbdl cnoooC asanmosK aaxaraoHBoro npocrpaBcToa ocyiDjscTBjiHa>TC7ie^yKnnBM oopasoM. 

D cxBajKHRy cnycxajor Kojioiniy HKT c TaxHM paoiCTOM. tiro6bi MMgHMfl kohcd Haxqrnincq na 10-20 u hhm c 
HHTepBana ocp^opaiDiH npoflyKTHBHoro nnacra, Bo36yamajor ii^zttihdjdo n npoMbroaitrr citBajEBBy bo«oh. 
oxnajsACHHofl 0-10°c. 
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3aTBopfnoT HPC sa Bopp c TcwncpaTypofl 0-10°C. 

npa crnptrrxn* varrpyfeou npocrrpaHcroe b HKT vummmiyr cycneaaipo HPC e o<h*ue. HCoCxomawu ami 
3ano7mcaHH oOcaflHoft KonoHHbi BXHTcpeane 10-20 u. 

npoflaaoHBajox cycucH3H» HPC up BwpaBHHBaHHH ec ypoBHCB B HKT b 3arpy6How npocTpaacTK. 

n^no^HHMaHyr HKT A o nnyfcnai pacnuioxcnHR manna nq>*opainfomiboc orecpcnia h mm 
BeoQxqnguocTH npoMbiBaxyr cgBagray, bummbm rofibirotggja oflbCM HPC. 

nwmwajor HKT Bbcme mmpBana ncp^opai^. rcpucnonpywr DaxpytSnoe npocrpaHcreo H a bdcmh, 

HCOOXpnHMOC JpIH pacmMpCHHH H OTOCpjK^CHHH HPC. 

OcBaRBaxrr csaasHay. 

np€HMTOecn»Mni^^ ^ nepeapbrrae KananoB aim nocTynnamH aaflbi k 

HHrq>Bany nep$opainni npoaoayprr hc 3a cuer rempaBjnraecKcro BoawcflcTBHH Ha kojiohby a sa i 
ooqnaHHH B o6cAnB0ft kohohhc uom ta paciiuq w aaiyrocH Marqwajia. 9to. no-orpiMx. a 
Hcooxx^piijocTb ycTanoBKH naMpa; Bo-aropur. yucHtmacr Bpeueneue sarpatw H a hpobcachbc PHP. 
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Claims [Oopuyna B3o6pereHu]: 

1. Cnooo6 BoocxaHOBncHKH repMenwHocm 3aitQJioHHoro npocrpaacTBa nyrou yocmncaHH AHawrrpa 
™"™"J 9 5nrrcpBa/lc "awiHUPH, orjiHMaKHmiflcH tcm. trro ppsauerrp kojiohhw yecjra™a»r 3a cwr 
yBenHtnmaK>m«aca b otioftue npa ToepACHra Rwopbararoa paapymaicra** cuecu (HPC). Koropyw 

3aKa«lHBa»T B KOJIOHHy, h ctaftanr UOCT B HHTCpBZUie SDOJUmfOi. 

2. Cnoco6 no n. 1 . trmBmmvdkx tcu. «rro d sawrrec HPC acuonioyiox cuecb H3BotmtoBryio rnin ropBwx h 
6ypoBwx pafioT (CMTB). 
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Drawlngfs) [Meprau|: 



Ta6 ji h qa 



XapaKTepMCTMica HPC 



XapaicrepMCTMKa 



1 BoAOCMeceBoe othouj8hh6 cycneH3nn 

2. Pacxofl nopotma, tohh Ha 1 m o&benia 

3. PacreicaeMocTb no KOHycy A3HMM, cm 

4. rVioTHocrb cycneH3MK, r/CM 3 

5. 3arycreBaeMocTb f npn TeMneparype 20-25 rpaAycoB C mmh 

6. CijenneHMe iqmh* c Tpy6oK, Mfla 

7. ConpoTMB/ieHwe KaMHfl <t>w/ibTpaunii eoabt, Mna 6onee 

6. flagngHH g npH pactUHpeHHH. Mfla 



gHgHgHMe 



0,3-0,5 
1.8 
20,0-25,0 
1,8 
120,0 
5.0 
60,0 
flo45.0 
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Description: 

This invention is in the area of insulation repair operations, i.e., it is related to the 
methods of restoration of the air tightness of the casing clearance. 

There is a known method of restoration of the air tightness of the casing clearance, which 
consists of the creation of excess pressure inside the casing string with respect to the 
casing clearance (by means of the injection of liquid or by means of the explosion of a 
blasting charge). This leads to the expansion of the casing string and the elimination of 
the gap between the string and the concrete block [ 1 ] . 

The deficiencies of the analogous method lay in the fact that, firstly, the creation of 
excess pressure by means of the injection of liquid causes damage of the string not only 
in the interval which contains concrete in its ring space but also in intervals where there is 
no concrete. This is dangerous for the integrity of the casing string. Secondly, the 
explosion of the blasting charge is a process, which is hardly controllable, which may 
lead to the damage of the string and the concrete block. 

Closest to the invention with respect to its technical merit is the method of removal of the 
excess casing clearance by means of increasing the diameter of the string beyond the 
elastic deformations in the interval of insulation [2]. The increase in the diameter of the 
string is achieved by means of the hydraulic effect on the string in the interval of 
insulation. 



The deficiency of the known method lays in the great labor input necessary for the use of 
parquet [sic] equipment, which, as a rule, is not highly reliable. 

Our task is to increase the efficiency of insulation repair operations while simultaneously 
reducing labor input. 

This task is achieved by means of the following: in the method of restoration of the air 
tightness of the casing clearance by means of the increase of the string's diameter in the 
insulation interval, the string's diameter is increased by means of the use of non- 
explosive breaking mixture [3], whose volume increases during hardening, where the 
mixture is injected into the string so as to create a bridge in the insulation interval. Here, 
a limestone mixture for mining and drilling operations is used as non-explosive breaking 
mixture. 



The success of the insulation repair work on the restoration of the air tightness of the 
concrete ring does not exceed 50%. This can be explained by the fact that the insulation 
materials used (mainly, concrete solution and resin solutions) have one common 
deficiency — they shrink. 
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During the operation of the drill hole, the air tightness of the casing clearance decreases. 
This happens as a result of the loads on the casing string and the concrete block. For 
example, it has been established that when the pressure in the drill hole is reduced, the 
strength of adherence of the concrete block to the string is reduced. All type's of 
perforations also lead to the deterioration of the condition of the concrete ring. At the 
same time, it has been observed that, immediately in the intervals of perforation, the 
adhesion (contact) between the concrete block and the string is improved. The latter' fact 
is explained by the increase in the force with which the string is pressed against the 
concrete as a result of the string's deformation. As a rule, disturbance of the string's 
contact with the concrete is also observed after molding of the casing string. Here, the 
greatest disturbances of contact are observed in the intervals of highly permeable layers 
and cavities. In layers with perched water, disturbances of contact following molding are 
observed most frequently in the area of contact between water and oil [ 1 ] . 

Let us evaluate by means of calculations the permeability for bottom water of the ring 
micro gap between the casing string and the concrete rock. The Darcy-Weissbach 
formula can be presented in the following manner [4] : 

[see original for formula] (1), where D is the inner diameter of the concrete ring, m; d is 
the outer diameter of the casing string, m; p is the pressure differential, Pa; X is the 
hydraulic resistance factor; H is the length of the micro gap, m; Q is the water discharge, 
cub. m/day. Let us introduce the symbols D-d= 8; P/H = grad P, where 8 is the gap 
between the string and the concrete block, m; and grad P is the pressure gradient, Pa/m. 

Then formula (1) will look like this: [see original for formula] (2). For the determination 
of the hydraulic resistance factor, it is necessary to calculate the Reynolds' criterion, [See 
original for formula] (3), where v is the kinematic viscosity of the water (at 70 °C v = 0 5 
•10"V/c). ' 

In turbulent mode, the factor is determined based on the following formula: [see original 
for formula]. Let us assume the following numeric values: v = 0.5 • 10" 6 m 2 /c- d = 0 168 
m; 6 = 0. 1 mm = 10"* m; grad P = 4 • 10" 6 Pa/m. 

The system of equations (2 - 4) is solved using the method of selection. 

In this manner, through the gap of 0.1 m, at a pressure gradient of 4 MPa/m, 
approximately 22 cub. m of water per day can permeate towards the perforation interval. ' 

The increase in the pressure in the casing string leads to an increase in its diameter. The 
calculations show by how much the pressure in the string should be increased in order to 
increase the string's outer diameter by 0.1 mm for the purpose of covering the micro gap. 

The formula of radial transposition of the outer wall of the pipe under Lame's 
problem (5) looks as follows: [see original for formula] where u is Poinsot's factor; 
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u - 0.25; E is the elasticity module of the steel, E = 2. 1 . 1 0 s MPa; P, is the inner pressure, 
MPa; P 2 is the outer pressure, MPa; r, is the inner radius of the pipe, m; r 2 is the outer 
radius of the pipe, m, r 2 [illegible] d/r. 

Let P, = P 2 + P excess or P, - P 2 = P excess , 

Where P e xcess is the excess pressure in the string as compared to the outer pressure. 
Then formula (5) will look like this: [see original for formula]. From where we obtain: 
[see original for formula] (6) 

At 8 = 10" 4 m; P 2 = 20 MPa; r, = 0.075 m; r 2 = 0.084 m 
[see original for formula] P exces$ = 33.7 MPa 

The calculations show that if there is a 0.1 mm gap between the casing string and the 
concrete ring, it is sufficient to create 33.7 MPa pressure in the string in order to cover 
the gap by means of increasing the outer diameter of the string. Such or even greater 
pressure can be created by means of the placement in the string of a bridge made of non- 
explosive breaking mixture, particularly made of limestone mixture for mining and 
drilling operations [6]. 

Non-explosive breaking mixture is used mainly for the breaking of strong brittle 
materials (such as rock), concrete and ferroconcrete products, rock layers, and for the 
mining of natural rock. 



Most frequently, the non-explosive breaking mixtures are powdery non-combustible and 
non-explosive materials, which have alkaline reaction with water (pH 12). When the 
powdered non-explosive breaking mixture is mixed with water, a suspension (work 
mixture) is obtained which, sometime after being poured into the borehole in the object 
that is subject to breaking, sets and hardens while expanding its volume. The volume 
expansion is the result of hydration of the components of the non-explosive breaking 
mixture and leads to the development of hydration pressure in the borehole 
(more than 40 MPa). The effect of the hydration pressure in the body of the object is the 
development of strains that lead to the object's breaking [7]. 

The proposed method of insulation of the casing clearance is applied in the following 
manner. & 



A string of pump-compressor pipes is lowered into the drill hole so that the lower end is 
located 10 - 20 m below the interval of perforation of the productive layer. Circulation is 
caused and the drill hole is washed with water cooled to 0-1 0 °C. 
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The non-explosive breaking mixture is mixed with water at temperature of 0-10 °C. 

With the casing clearance open, the suspension of the non-explosive breaking mixture in 
the pump-compressor pipes is injected in the volume necessary to fill the casing string at 
the interval 10 -20 m. 



The suspension of the non-explosive breaking mixture is injected until its levels in the 
pump-compressor pipes are even in the casing clearance. 

The pump-compressor pipes are elevated to the depth where the lower perforation 
openings are located and, if necessary, the drill hole is washed so as to wash away the 
excess amount of non-explosive breaking mixture. 

The pump-compressor pipes are elevated above the interval of perforation and the casing 
clearance is sealed for the time necessary for the expansion and hardening of the non- 
explosive breaking mixture. 



The drill hole is utilized. 



The advantage of the proposed method is in the fact that the coverage of the channels for 
the permeation of water towards the interval of perforation is done not by means of 
hydraulic pressure on the string, but by means of the creation of a bridge made of 
expanding material in the casing string. This, firstly, eliminates the necessity for the 
installation of a packer and, secondly, reduces the time consumption for the performance 
of the insulation repair operations. 



RU 2108445 CI 



Claims: 

1. Method of restoration of the air tightness of casing clearance by means of increasing 
the diameter of the string in the interval of insulation characterized by the fact that the 
string's diameter is increased by using non-explosive breaking mixture, which increases 
in volume when hardening and is injected into the string so as to create a bridge in the 
insulation interval. 

2. Method under Item 1 characterized by the fact that limestone mixture for mining and 
drilling operations is used as non-explosive breaking mixture. 
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Drawings: 

Table 



Properties of the Non-Explosive Breaking Mixture 



Property 


Value 


1 . Water-mixture ratio in the suspension 


0.3-0.5 


2. Powder expenditure, ton per 1 m of volume 


1.8 


3. Spreadability according to the AzNII [Oil Scientific 
Research Institute of Azerbaijan] cone 


20.0-25.0 


4. Density of suspension, g/cub. cm 


1.8 


5. Thickening, at temperatures 20 -25 °C, min. 


120.0 


6. Adherence between the concrete and the string, MPa 


5.0 


7. Concrete resistance to filtration water, MPa more 
than 


60.0 


8. Pressure during expansion, MPa 


Up to 45.0 
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